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ABSTRACT

Observations of sysinatic spatialmodulation of low-Z impurity radiative emissions are
analysed for Tore Supra ergodic divertor dischaligated on theinner wall. Somesimilarities to
modulations previously observed withMarfe-like conditions are observed, but significant
differencesare also seen irthe attachedtases studietiere. Asimulation of themodulations is
made, usinghe 3-D edgdransportcodeBBQ. Thesimulationssuggest that amportant role is
played by chargexchangewith neutral deuterium,in addition tothe ergodicdivertor-induced
modulations of the plasma. The interpretation highligigsimportant rolef intermediate-Zstates
in impurity transport processes.

1. INTRODUCTION

It is a main tokamak objectivéo achieve active cordl of the plasma edge iorder to
minimise the impurity influx, to improve the impurgreening efficiency, and tbecrease thevall
heat load by maximising the radiated powEhis problemhasbeen generalladdressed by using
an axi-symmetric poloidal divertmonfiguration (Pitcher an8tangeby, 1997), whetbe particle
outflux is directed into aegion separateftom the main plasmaegion. Analternativesolution is
the ergodiadivertor (ED) (Ghendrih et al, 1996), which hagsen extensivelgtudied inthe Tore
Supra tokenak (De Michelis etal, 1995b). TheED destroysthe edge mlsmamagneticsurfaces
with a weak resonant perturbatiameating an edge layer whetre fieldlines arestochastic, with
enhancegarticle and heattransportcoefficients (Samain al, 1990). Indeedexperiments have
shownthat theconfined core plama isefficiently screenedrom impurities (Breton etal, 1991),
and that the radiated power is enhanced over that of non-diverted plasmas (Monier-Garbet et al,
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2001); moreover, 1D impurity transport simulation&d plasmas requiran increased anomalous
diffusion coefficient in anoutboard regiomoughly comparable irwidth to the expected ED layer
(Mattioli et al, 1995), thugqualitatively confirming hat the ED layer is agion with degraded
confinementproperties Radial profiles of impurity emission linesare used toget a better
understanding of the transport modifications induced by the ED, and thetgpicalty be obtained
by inversion techniques from measuregbloidal brighhess distributions. Howey, in some
experimentakituations(e.g., when anoutboardlimiter is insertedradially ahead of the dartor
modules), the poloidal impurity emission profiles exhibit a compound spatial structure [Hogan et al,
2001], showingclearly both core plasma and ED region issons. Inorder to isolate and
understandhe ED-specificeffects ontransport, oulapproachhasbeen to simulat¢he measured
profiles: the axi-symmetriccontribution (from the confired plasma)with a 1D radial impurity
transportcode,and theasymmetric compaent (ED region)with the BBQ 3D MonteCarlo code
(Hogan et al, 1997). This approach has proven more illuminating in complex situatiottsethese
of alternative, somewhat complicated, inversion procedures.

In this paper, weanalyze the ED effect olow Z impurity emission profiles of plasmas
leaningon the innerwall. In this configurationthe profile behaviourshows regular modulations
for all observedperipheral impurityemission linesclearly related to the applied Efeld, and
therefore should, whenproperly interpretedprovide information on its effect on impurity
transport. Previous observationsimfier-wall influenced Tor&upra EDplasmasunderdetached
(Marfe-like) conditions, also showed stronglynodulated carbon poloidal profiles, varying

coherentlywith the safety factor q, bubnly for An=1 emission lines(n being the transition
principal quantumnumber), forwhich the excitationcross sction is T-dependent in the

temperature range of intergBle Michelis etal, 1995a).This was interpreted as aonsequence of
the To modulations due tthe connectionsprovided bythe ED tothe hot coreregion. The new

observations discussed here give rise to a qualitativiéyent behaviour; the purposéthis paper
is to providea commonbasis for interpretation ahe measuredsignals,and thus permit future
dedicated analysis of transport behaviour.

We first describe the experimental conditions for the measurements (Jcti®ection 3 describes
the modelsused tocreate thesimulations ofthe impurity emissionsignals, seton 4 the signal
simulation results, and section 5 presents the interpretation, which we obtain.

2. EXPERIMENTAL
2.1. Typical plasma

All the plasmas used in this study weréhe Ergdlic Divertor (ED) configuration(Ghendrih
etal, 1996). Inthe EDconfiguration,the currentflowing in the diveror coils (kp) generates a




resonant perturbing magnetic field, whichtre maximumergodic divertor current £h= 45 kA),

2 1/2 -3
has an intensity &B,|> /B;~ 10 . The effect of this perturbation is to opé¥e magnetidlux

surfaces inthe plasmaperiphery, thusonnecting the edge field lines to the divertor neutraliser
plates (NP), located inside the ED current loops (Ghendrih et al, 1996).

To study the ED effects on inner wéthited plasmas, wéave performed gew shots with
the procedurellustrated inFigure 1 (kp = 40 KA duringthe entireshot, nearly at itsmaximum

value). Alarge inital plasma,limited by both the outboard ED modules artie innerwall, was
moved inwards at 3.5 s, todmmeonly inner wall limited, by decreasirtge majorradius (R); at
approximately 5 s, the plasmadius (a) alsotarted todecrease; at the sartime, the plasma
current (|O) also decreaseslowly. Theelectrondensity N, slowly increasedduring thisphase,

because of increased innerlwacycling (therewas no deuterium gas injectioapartfrom the

initial pre-fill). The D, inner wall lines of sight showed a strong recycling increase, starting at 3.5 s,
while at the samdime recycling onthe neutralisersdecreasedthe neutraliser B signal being
negligible after 6 sThe effectivecharge %¢ initially increases(as doesthe OVIII Lyman-

signal); after anaccidental Cand Oinjection between approximately &nd 6 s, &¢ decreases
because of théncreasing N. It must benoted hereHat past EDexperiments haveshown T

modulations in the ED layer, due to the random fiekel connections provided by tt€D to the hot
core and to the cold plasma facing components (Becoulet et al, 1999).

2.2. _Spectroscopy
Impurities were monitored bywo far VUV spectrometersThe first one, an absolutely
calibrated extremeyrazing irtidence (1.5°) far VUV (1 - 30 nm) duochromator,provided

monitoring of the CVI and OVIII Lyman-a lines, thuspermitting to evaluate therespective
contribution of C andD to the Z¢ value (deduced fronthe visible bremsstrahlungemission).

Carbon and oxygeare theonly impurities preent in thesglasmas, aconsequence othe all

carbon plasma-facing components in Tore Supra. The second spectrometer, argraeince (5°)

far VUV (5 - 15 nm)duochromator, used \ébrating grazing irtidencegold coatedmirror to

provide poloidal profiles of the plasma lower half, with a spatial resoluti@n0& m(Breton et al,

1979). This secondduochromatorhas two multi-anode, microchannelplate detectors (spectral
resolution 0.13 nm), thugpermitting tomonitor simultaneouslyhe profiles of several emission

lines (De Michelis et al, 1993). Figure 2 shows schematically the experimental set-up of this second



duochromator, together with @xample of anormal’ profile (i.e.,from a homogeneousmitting
peripheral shell) for the OV 63.0 nm line.

2.3. Experimental observations
For these inner-wallimited plasmas,modulations appear oall observedimpurity line
profiles at 4.5 s, their depth increasing wiithe; they arestronger atpproximately 9 swhen Ny

and theinner wall Do signal are at theimaximum. Anexample isshown inFigure 3 forthree
peripheral emission lines: Clll 97.7 nm 4a=0 transition),CIV 31.2 nm QAn=1, observed in the

second order), and OV 63.0 nm (An=0); note that these three profiles have been taken

simultaneously. The modulations are sharper and more irregular for the Clll 97.7 nm line, which is

2+
the more peripheral of the three observed lines {Gnisation potential, £= 48 eV); they become

smaotherand more regular asthe ionisationpotential of the emittingon increases (& 64 eV for

3+ 4+
C ,and 114 eV for O). This isprobably aconsequencef the fact thatow ionisation potential
ions have notime to becomepoloidally and toroidallyuniform, and theiremissionstill partly
reflects the locatio of the plasma-surface interactioAmong the thrembserved emissiofines,

only CIV 31.2 nm originates from a\n=1 transition, for whichthe excitationcross section is &

dependent in theange oftemperature of interesthe othertwo emissionlines originatefrom a

An=0 transition, for whichthe excitationcross sean is approximately independent of i the

range oftemperature ointerest. Thenumber of modulations increasesthe plasma current IOI

2
decreases (anthe safety factor, q = 5aBt/IpR, increases);Figure 4 shows this effect for a

sequence of profiles for the OV 63.0 fine. Figure 5 summarisdiis data,showingthe variation
of the number of modulations witB as g varies from 2.6 to 3.2.

A survey of ED plasmasjmited outboardeither by the EDmodules or by an inserted
poloidal limiter, shows that modulatioitssuch caseappear onlywhenthe distancé,,, between
the last closed flux surface (calculated without ergodic divertor curggnt: D) and the inner wall
is of the order of or less than 0.06 m (in most experiments ilesst0.1 m); however,inner wall

limited plasmas produce the strongest modulations. Again, modulations are observed/&m=hoth

andAn=0 transitions ofperipheral C and ions; moreover, wherheavier extrinsic impurities are

injected (such as Neon), they ateserved also faions with arelatively largeionisation potential,



having a radial position at the inner limit of BB layer. Figure 6 showtke profilesof threeNeon
lines NeVIl 10.6 nm (aAn=1 transition) NeVIll 9.8 nm An=1), and NeVIII 77.0 nm An=0);

6+
the modulations are clearly attenuated in passing from NeyH @B7 eV for Ne ) to NeVlll (E;

;
= 239 eV for Ne+), and apparently they do not exist @t on the NeVIll An=0 line. A

confirmation that thesens exist atthe innerlimit of the ED layer comesfrom their emission
profiles, showing Hat theposition ofthe peripherapeak, the homogeneous radiag shell, is
practically the same with and withogt).

The inner-wall caseobservationgiescribed abovare clearly at varianceith thosereported
earlier(De Michelis etal, 1995a). In that cas#)e plasmahavingthe outboardlimiter positioned
ahead of the Enodules)was not movedinwards, butthe electrondensity was increased by a
strong deuteriungaspuff, the radiation maximum eventuakyvingingfrom outwards to inwards
(the plasma theshowing aninner wdl Marfe-like structure). Inthe situationdescribedhere, the
plasma is moved inwards without tryingiterease the density (whiaficreases somewhbecause
of the increased recycling), and remains attached to the inner wall. In sumntaeypiesentase,
with inner wall attached plasma conditions, the following new features are observed:

(1) for the modulations taoccur,the clearancéetween the lastlosed flux surface and the

inner wall @,y/), calculated without ergodic divertor currergl=0), must be less than 0.06m;

(2) the modulationsare observed on emissiolines originatingfrom both An=0 and An=1
transitions (terefore,the effect of the d modulations onthe excitationcross sectionscannot

explain both cases);

(3) the modulations do not depend asensitively onthe radial position of the emitting
impurity; and

(4) modulationsare seen ommission fromions with a relavely largeionisation potential
(Ne**and Né"), having a radial position at the inner limit of the ED layer.
The previous interpretatioof the observations irMarfe-like conditions(De Michelis etal, 1995a)
requires therefore an extension to include these new conditions.

3. SMULATION MODELS

To attempt an interpretation, modelling of thgpurity transport behaviour ithe EDplasmas
is madewith a 3-D impurity transportcode (BBQ). Themodelling reuires backgrounglasma
parameters, athey are modified by th€eD. Giventhis, the simulation isused toconstruct the
emission profiledor compaison with the measurementsSince the study suggests thaharge-
exchange processes may plapla, a deuteriunversion ofthe 3-D BBQ code isised tocalculate



the neutral D spatial distribution in tledservatiorregion. This sedbn is devoted to a description
of these elements of the simulation.

3.1 BBQ code

BBQ isa 3-D Monte Carlo impuritytransportcodefor the scrape-offlayer and msma edge
region (Hogan et al, 1997, Giannella et al, 200he codefollows the transport oftraceimpurity
particles, assuming known 3-D background plsma spatial distribution (N T, andB), as the

impurities evolvefrom emission as neutrals thie plasma-facing componertsough the various
ionisationstages. Thelensity ofthe observedion, as vell as theemissionrate of theobserved
radiation, iscalculatedfor eachpoint in the calculatiorregion. The predictedemission signal is
integrated over the individual viewing chords of the duochromator for comparison with data.

Particle generationatesfrom the plasma-facing comonentsfor carbonare calculatedrom
physical sputtering rates evaluated for the complex inner wall geometry (H@$#8), assuming a
Thomson energdistribuion for the sputtered carboneutrals. Oxygemgeneration rates are based
on a modification of the carbon rates. For neon, TRIM reflection probabilities and energies for neon
on carbon (Eckstein etl, 1998)are used forthe TRIM-calculatedraction of directly reflected
particles, and thermal emission is assumed for the remainder.

Atomic datafor the impurity transportcalculations istakenfrom Phaneuf et al (1987) for
carbon andoxygen,and fromthe ADAS database (corrected by R. Dutgr neon (Summers,

1994). Emission rates for nedAn=0 andAn=1 lines arethosecalculated by Mattioli et g1999).

Rates based on the empirit@imulae ofMewe et al(1980) forAn=0 lines of Né" and Né* ions

have been communicated by Isler (20@0})letailed model focarbonand oxygenchargeexchange
processes (Maggi et al, 2000) has been incorporated in BBQ.

3.2 Background plasma model
An ED background plasma model, originally developed to treat the ED neutpdditenegion
(Giamelaat al, 2001), haveen extended tcalculate thdackground plasmparameter (N, T,

andB) distributions in an annular regitmounded by thénner and outelimits of the ergodic zone
(0.65 < r <0.8 m) and by the poloidal (< 60°) and toroidal (-20< ¢ < 20°) angularlimits of

the region viewed by the duochromator.The background psma parameters (3-Bpatial
distributions of N, Te, andmagnetic fieldB) are calculated ithis annular region with a suitably
madified version of the MASTOC mapping procedures(Nguyen et al, 1997)developed by

Giannella et a(2001). Each 0f4*105 points inthe computation volume irst mapped to a point
on the annular bounding surface. In the next step, a grid with reduced resolution is produced on the



bounding surfaces artle MASTOC code isused totrace the path of fieltines emanatingfrom
eachpoint on thebounding surfaces tdetermine the maximurmward penetration into the core

plasma fmin) of field lines which originate there. The resfithis step igo provide a distribution
of pmin ON the bounding surfaceand, thus,via thefirst map, toeachpoint in the computation

volume. The final step is to associate a valuegfvith the values opmin onthebounding surface,
based orthe assumption ofapid parallel electron thermdransport. A linearelation Te = - k

(Pmin-Ploca is used. Unlike the divertor neutraliser case described by Giannella et al (2001), where

local Langmuirprobe e measurements wei@vailable to calibrate theeTmap, only the relative
variation of the ED-induced modulations carused, using thBux-surfaceaverage & values as a
normalisation. Figure 7 showiise results ofthe Te mapping proceduren the boundingsurfaces.

Distributions are shown of values thle minimumradius inthe hot corewvhich isreached by field
lines traced from the bounding surfaces. Distributions on the six bounding surfaces of the

simulation volume areshown, for values of constanhormalisedradius p (inner and outer),
poloidal angled (minumum andnaximum)and toroidal angle (minumum andmaximum). The
sections at constartbroidal angleg (showing the p—8 plane), exhibit the periodic poloidal
oscillations in the & values induced by the ED. The sections at conptéttowingthe 68— plane)
at the innermost radius considesadl onthe exterior showthe attenuation athe ED perturbation

in this direction. Finally, the sections at constap—@plane) show the variation across the line of

sight of the duochromator volume.

3.3 Deuterium simulation
Previous Tore Supra outer limiter particle exhaust studiesstamsn thabutboard pumping

was ineffective unles&)y = 0.1m, indicating a strong plasma interaction vtfte inner wallwhen

A < 0.1m(Mioduszewski etl, 1995).Comparison ofnner wdl heat fluxes with observation
also foundlarge scrape-off-layerdecay lengths (Seigneur etal, 1993). Significant innerwall
deuterium recyclinghus occurs fo\y < 0.1m, such thathe effect of charge exchange with

neutral deuterium on impurity emission profitesild beimportant. Chargexchange otleuterium
with low Z impurities has been known for some time to affect the ionish#itamce(Hogan, 1982,
1984). Although charge exchange raes notavailablefor the entiresuite of ion charge states for
neon, magnitudes aexpected to be simildo thecarbon andxygenratesfor similarions in the



iso-electronicsequenceThe detailsof inner wall construction(faceted graphitélocks, tangent to
the plasma minor radius at only one poppvide anothepossible source of periodinodulation
of impurity emission,throughmodulation of the charge exchangges. Thussince modulations

are observed only wherfirst-wall clearanced,,< 0.06m, neutral deutedm density spatial

distributions are also required in this region.

The deuteriumversion of BBQ is used tealculate Dand DB transport, accounting for
ionisation,recombination, dissociatioend dissociativaonisation. Thesamebackgroundplasma
model, discussed aboves usedwith the deuteriumversion of BBQ. Calculationswith the
MASTOC field line following code show that the poloidal distribution g&t the inner walshould

also bemodulatedwhen Ep > 0 (Figure 8);poloidal T, modulations havédeenexperimentally

observed fooutboardiimited plasmas (Becouledt al, 1999). Thus, the incident D flux on the
inner wall is modulatedia thedependence of theheathpotential on &. This produces an ED-
modulated deuterium density reflux frahme plasma-facingurface,because of the gldependence
of the particleenergyfor the energetically reflectefraction of D neutrals. In addition, the
remainder, whichconsists ofthermally emitted 3 molecules,will also exhibit modulations,
because the more imse influxproducedocally modulatedsaturation. The8-D neutraltransport
code self-consistently calculatdge attenuatiomnd dispesion of this wallmodulationthrough the
neutral transporprocessesextinction of theneutral atoms byonisation, poduction and dispersal
of erergetic Franck-Condoratoms fromthe D> molecules, and atormomentum scattering by
charge exchange with background. D

Another consideration is thagTs reducedn the ergodizone,increasingthe ionisationpath
length for recycled deuteriummeutrals. Ergdic zone E profiles similar to those measured in
outboard limited plasmas faeh=35kA (Becoulet et al, 2000) are used in the simulafidre. radial
deukerium atomdensity (FigureQa) andthe neutradensityaveraged ovethe duochromatorsight
lines (Figure 9b), resulting fromthe BBQ deldrium model calculation,show (1)the differences
introduced inusing the ED T, profiles (Fig. 9a) and(2) the interferenceeffects between the
modulation due to faceted tiles, which is present even wher0| and the independent systematic
variationof modulationwith Igp. (Fig. 9b,cases with anavithout ED). However,even incases

where this leads to ancoherent poloidal modulation, strongneutral deuteum density is present
in the ergodic zone.

3.4 Signal simulation




Given the background plasma model, #mel generatefluxes of neutralimpurities, the density of

all species, N\ (p.8,9), is calculated byBBQ. With the value of L(p,8,¢)given by the

background plasma model, and emission coefficients for the line being modelled, a prediction of the
expected poloidaémission signais obtained. Usinghe radialprofiles ofthe emittingions in all

charge statefrom the 1D radial impurity transportcode MIST (Hulse, 1983),the associated
duochromator signal is calculated with the actual geometry (FR)unasingthe excitaton rates for

ions described in section 3.1

4. PROFILE SIMULATION
Using the BBQresults both foimpurity ions and for deuteriumthe simulated poloidaémission
profiles are thus calculated for the ions of interest. Figuréa 10, c) showshe simulategrofiles

for the CIV 31.2 nm, OV 63.0 nmand NeVIll 9.8 nm lines,without (N;;=0) and with

(NDO:1017 m> and 14° m'3) charge-exchange. Adiscussed abovegeven withoutcharge-
exchange, there is some modulatiortref profiles, due to thefacetedcarbontiles. Because of the
assumptionsequired inthe analysis,due tolack of local 3-D & measurements toalibrate the
MASTOC Te map, only qualitativetrendscan becompared. ldwever, there is areasonable and

encouragingsimilarity between the simulationesults andthe correspondingmeasured profile
behaviour, shown in Figurésand 6.Note hat themodulation of the signal chgas qualitatively

asthe CX effect isintroduced (casevith Npp=0 versus case with I\_I)O:1017 m'3) while the
amplitude is increased with mainly fixed modulatamneutral density is increased fror]gxol’xdlo17

m* to ND0=1018 m®. Thus thereappears to be a threshdé&bel inthe simulationrequiredfor the
CX effect to determine the ion charge stiiggribution, and higher values neutraldensityamplify
this chargestatedistribution. Notethat, although 16# m* seems darge valuefor the peripheral
neutral deuterium density, values of thisler ofmagnitude havéeen measurefbr ED outboard
limited plasmas,just in front of the neutralisers (Escarguel af, 200). Figure 11shows a
simulation ofthe variationof the number of modulationwith Ip for the NeVIll 9.8 nm line. The

background3-D distributions of & and Ny, for these casesre modulatedusing the relation

between poloidal mode number angl Hiscussed by De Nhelis et al (1995a). Again, the

qualitativetrend of systematic increase of modulatimmmber with increasing q is reasonably
consistent between the simulation and the measurement.



5. CONCLUSIONS
Reviewing the novel observed features (secti@b@ve), in comarisonwith previousinner
wall cases with Marfe-like conditions, an interpretation based on the simulation can be attempted:
1. For the modulations taoccur, the clearancéetween the lastlosed flux surface and

the inner wall 4, calculatedwithout ergodic divertorcurrent), must be less than 0.06m.

Simulationsuggests thahe profilemodulationsare indeed directlyelated tomodulations of T,

but also tothe consequentnodulation ofthe large neutral Dutflux, resulting inan important
modulated neutral D density in the ergodic zone precisely under these conditions.

2. The modulations are observed on emission lines originating fromAlbeth and An=1
transitions. Thereforethe effect of the & modulations onthe excitationcross sectionscannot
explainboth cases. However, cJimodulations alsenodulate, througlhhe sheath potentiathe D

outflux; as a consequence, neuttadrge exchange modulatbe recombinatiomate,andtherefore
the ionisation stage. In addition, of course, there is an important effect on modulation of ions with a
given charge precisely because of locaimiodulation.

3. The modulations do not depeadsensitively onthe radialposition ofthe emitting
impurity, since Ein the ergodic zone is relatively flat in cases with ED.

4. Modulations are seen oemission fromions with a elatively large ionisation
potential (Ne6+ and N§+), having a radial position at the inrdienit of the EDlayer, becauseharge

exchangeancreaseghe apparenionisationpotential ofimpurity ions, leading tdhe appearance of
NeVIl and NeVIIlI emission.

The Chirikov island overlapparameter in the EDayer, which measuresthe degree of
stochasticity of field linediffusion induced bythe ED, decreasesteadily when goingradially
inwards. The largest quasilinear fidilae diffusion coefficientshouldthusoccur neareghe edge,
and diminishradially inward. Furthermorethe poloidal mde number ofthe perturbation also
decreases when going radially inwafds localq decreases)hus, from the ED effectalone, one
would expect that the number of modulationsdbger for the emissioprofiles oflower ionisation
potential ions (i.e., larger at greater ion minor radial location). As this is clearly not the oawe, a
economical interpretatiors that the charge-exchange-induced modulationtl® recombination
rates, which must playrale for inner-wall influencedconditions, hashe effect ofmodulating the
profiles; the observedmodulationsactually orighate at the plasmsurfaceinteractionregion, and
then propagatewardsdue tothe long deuterium ionisatiotength. While no directproof for the
charge exchange hypothesis canalb@ancedgiven existingdata,the qualitativeresults of the
simulations discussed here strongly support it.
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The simulationresultsallow apossible resolion of some ofthe paradoxes suggested by
comparison with previous Marfe-like results, and thus suggest a path forward for analysing the ED-
induced effects ortransport.More detailedtransport analysis textract ED-specificeffects on
transport insuch cases must thiurscorporatedetailed spatiainformation onneutral deuterium
behaviour along with the detailed ion distribution &adkground plasma data.diect line-by-line
fitting simulation is thus feasible, even in this com@#uation, and can providaformation about
the underlying transport.
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FIGURE CAPTIONS

Fig. 1 - Operational scenario fanner walllimited plasmas{ime evolution of: plasma currenb,l

volume averaged electrafensity <N,>, effective charge Z, major plasmaadius R,

and minor plasma radius a.

Fig. 2 - Schematic view othe duochromatoset-up (top withthe plasma-facingomponents, the
duochromator lines of sight and the vibrating mirror geometry. At bottom, (l@xaamnple
ia shown ofa 'normal’ poloidal profile of the OV63.0 nmemission line('normal’
meaning that it is produced by a poloidally homogeneous peripheral radiating shell).

Fig. 3 - Experimentainner wall poloidal duochromatoprofiles of oxygen(OV 63.0 nm,top),

and carbon (CIV 31.2 nm, middle, and CIll 97.7 nm, bottdm)is the difference of the

principal quantum numbers of the transition upper and lower levels.
Fig. 4 - Four OV 63.0 nm lineemission profiles withdifferent number of modulations as the

plasma currentpldecreases.

Fig. 5 - Variation of number of modulations in the OV 63.0 nm line profiles VH@Q., q), for
lep=40 KA.
Fig. 6 - Experimentainner wall poloidal duochromatormprofiles of two neonions (NeVIl 10.6
nm, top; NeVIll 9.8 nm, middleand NeVIII 77.0 nm,bottom).An is the difference of
the principal quantum numbers of the transition upper and lower levels.

Fig. 7 - p,,, distributions on boundary surfaces of BBQ simulation volume, from MASTOC

based mappings,,, values are then related tg Tsee text)

Fig. 8 - MASTOC calculation of thepoloidal and toroidal distvution of the minimum minor
radiuslinked to the observationvolume (k,;,, thus T and D flux) at the innerwal
location.

Fig. 9 - (a): BBQ calculation ofadial neutral deuteriurdensity with andwvithout edge T, profile
due toED; (b): neutraldensityaveraged wer duochromator sight lines with no ED and
with a background plasma with 9 poloidal modulations in thprdfile.

Fig. 10 - Simulated poloidaprofiles of CIV 31.2 nm (top), OW3.0 nm(middle), and NeVIIl

9.8 nm lines for three casesy 0, 10" m®and 16® m*.
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Fig. 11 - Simulated dependence of modulation number with ghieNeVIIl 9.8 nm line profile,

for three values of the plasma currenflp=45 kA) with Npg= 107 m?®
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Schematic duochromator geometry
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Typical map: distribution of pmin on the boundary surface
of the BBQ solution volume
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Figure 10
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